Amplitude-sensitiity of phasedetectionn the metrologygauge
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1 Experiment description

This memodescribesa measurementf the amplitudesensitvity of the laserboardphasemeter Ideally, the phase
meterdoesnotrespondo variationsof theamplitudeof theinput? in practice jmperfectionsn theanalogelectronics
cancauseintensityfluctuations,asmight be inherentin the lasersource to appearasfalsechangesn optical path.
The experimentaketupis describedn thelogbookentryfor 25 August1998. Light emittingdiodesweresubstituted
for the opticalinput from aninterferometer Phasemodulationwasusedto checkthe calibrationof the phasemeter
andamplitudemodulationto measurehe amplitude-sensiity.

The light intensity of one LED (“reference”)was modulatedat the nominalheterodynebeatfrequeng of w =
100kHz; the other(“unknown”) LED hadthesamesignalplusphaseor amplitudesinusoidaimodulationof frequeng
Q = 78 Hz. The LED instantaneouandpeakintensitiesaredesignate® andVy, respectiely.

Phasemodulationwith “modulationindex” ', generatesidebandspacedat multiplesof Q on eithersideof w.
Themagnitudeof thefirst sidebandss 'y /2

V/Vo = coquwt+TpcosQt) 1)

Q

cosuwt — % [(sin([w+ Q]t) + sin(w— Q]t)]. 2

The approximatioris valid for 'y << 1. Amplitude modulationof magnitudel; generatesidebandsirst side-
bandsthatlook similar:

V/Mo = cos(wt(1+T;c080t)) (3)
= coswt+ % [(sin([w+ QJt) — sin(w— Q]t)]. 4)

2 Reaults

Theoutputof the phasemeteris in “cycles” of phasewhereonecycle correspond$o A /2 displacementThecalibra-
tion wasverified by settingup the signalgeneratoto generate phase-modulatesinusoid,with Q sideband®6 dB
(afactorof 20) below the“carrier” atw. Accordingto Equation2, this corresponds$o I', = 0.1. Thephasemeterread
outasinusoidof amplitude0.0159cycles0-p, equalto I',/(211), asexpected.

Theresultsfor amplitudemodulationareshavn in Tablel. Althoughthemeasurememrasmadeusingsinusoidal
amplitudemodulationjt is expectedhattheresultsapplyto all frequenciesiovn to andincludingd.c.

3 Effect of comparator offset

An offsetin the comparatorircuit that corvertsthe heterodynesinewave to a squarewave would causeamplitude
sensitvity. If theoffsetis Vi, thenthe comparatotriggersnotat @ = 0, but ratherat ¢, suchthat

V1 = Vpsingy, )

1We considerhereonly fluctuationsthatareslow comparedo the heterodynéeatfrequeng. Arbitrarily fastfluctuations suchasfrom photon
shotnoise,resultin anunavoidablephasenoise—se¢hearticle “Heterodyneinterferometenoise”at http://hue.jpl.nasa.ge/~respero.



Fa | Fa/(2M) | An(cycles) % AX— % An
01| 00159 | 8107 | 0.05 | 520pm
0.2 0.035

Tablel: PhaseneterreadingqAn) for variouslevelsof amplitudechang€dl 5.) TheAn columnshavsthephasemeter
readoutasprovidedby the VX-Works Stethoscopé&ont end. Theentriesin thenext columnwould be unity for phase
modulationl” p; hencethey indicatethe dimensionlesamplitude-to-phasteedthroughThe Ax columnrepresentthe

errorin mirror positionattributableto amplitudechange.lt is basedon A /2 ratherthanA becausehe optical pathis

twice the physicalpathin a single-bouncénterferometer

or ¢ = V1/Vp. Differentiatingwith Vi <<V,

Mgy = —50Vo (6)
0
= —y'e ()

whereEquation7 follows from thedefinitionof the modulationdepth,; = AV /Vo. In termsof displacemenérror,

A Vi

AX= ——
41T\

a (8)
If theAx in thefirst row of Tablel is dueto this mechanismit requiresv; = 100mV, whichis implausiblyhigh for a
properlywired comparatar

Equation8 is expectedto hold for all frequenciesof amplitudemodulation,and canthereforebe generalized
to RPSDs. Designatinghe RPSDof intensityfluctuationsby f(f) andthe averageintensity by Ipc, the RPSDof
measuredlisplacemenin the presencef anoffsetis

i(f)—l\ﬁr(—f) C)

o 4Vy Ipc

4 Requirementson analog electronics

The largestrelevantamplitudechanges expectedto be over long periods,asfrom changesn laseroutputpower or
gaugealignment. For an allowableintensityfeedthrougherror of 5pm anda possibleamplitudechangeasmuchas
10% (I'y = 0.1), Equation8 indicatesthat the offset needsto be no morethan1mV. Given a spectrumof intensity
fluctuationd ( f), Equation9 canbe usedto estimatethe astrometrierror



